Until recently it was thought that the foetus metabolized largely glucose and little lipid or amino acid. Balance studies of arterio-venous differences show that this is clearly untrue for the foetal sheep at least (Battaglia & Meschia, 1978) . It has also been thought that the foetal liver resembles hepatoma, with high rates of glucose uptake and glycolysis and low rates of respiration and no gluconeogenesis (Weinhouse, 1970) . Although the foetal liver has shown features consistent with this, such as high hexokinase activity and no glucokinase (Walker & Holland, 1965; Weinhouse, 1970; Faulkner & Jones, 1976~) . except for the foetal rat and rabbit it seems a considerable over-simplification for most species commonly studied.
Glucose uptake and biosynthesis
The foetal circulation contains relatively high concentrations of substrates such as lactate and alanine (Battaglia & Meschia, 1978) and, in species such as the guinea pig, man, primate and rabbit, plasma non-esterified fatty acid concentrations are high, particularly late in gestation (Jones, 1976) . These are effective inhibitors of glucose uptake by perfused foetal liver (Jones et al., 1981) or hepatocytes (Table l), so that glucose uptake in the foetal guinea-pig liver is unable to account for the high rate of glycogen deposition that occurs between 58 and 60 days (Faulkner & Jones, 19766) . Moreover, glucose is not a particularly good substrate for fatty acid synthesis (Ballard & Hanson, 1967; Jones & Ashton, 1976 ), one of the major biosynthetic products of the foetal liver in the latter half of gestation. The rate of glucose uptake in the foetal guinea-pig liver cannot maintain adequate rates of NADPH production in the pentose phosphate pathway for fatty acid biosynthesis (Jones & Ashton, 1976; Jones, 1980a; Band & Jones, 1980) . Despite low rates of glucose uptake, hepatic glucose 6-phosphate concentrations are high even when liver glycogen concentrations are low (Band & Jones, 1980) , although glucose 6-phosphate specific radioactivity (relative to glucose) is often, but not always, low, and this cannot be accounted for by glycogenolysis (Table 1: Band & Jones, 1980; Jones, 1 9 8 0~) . It appears that in the foetal guinea-pig, sheep and possibly monkey liver, endogenous substrate (possibly fatty acid, or lactate, but not amino acid) maintains a constant glyconeogenic flux to glucose 6-phosphate that is used to sustain the pentose phosphate pathway (Table 1 ). There may be a glyoxylate cycle in foetal liver to allow net conversion of fatty acid into hexose phosphate (Jones, 1980~) . Thus in the sheep, monkey, guinea Table 1 . Glucose uptake and glucose 6-phosphate speciJic radioactivit-v in liver fromfoetal guinea pigs, sheep and rhesus monkeys Hepatocytes or perfused liver obtained after the period of gestation shown were incubated with Krebs bicarbonate buffer at 37OC for 20 min before adding labelled substrate. Incubations were continued for 30 min. Glucose 6-phosphate relative specific radioactivity was determined as described by Band & Jones (1980 1 mM-ghCOSe + 0.5 mM-palmitate 12.1 f 8.6 (4) 5.9 f 3.6 (6)' 8.9 f 4.6 (4) -5.3 f 4.6 (4)
Glucose 6-phosphate specific radioactivity relative to medium glucose specific radioactivity 0.2 mM-IU-"C lglucose Glucose 6-phosphate (nmol/g) Table 2 . Effect of mercaptopicolinic acid on glycogen synthesis in foetal hepatocytes Hepatocytes were incubated for 60 min in Krebs bicarbonate buffer containing 4 mhl-glucose, 1 mwpalmitate and 1 mM-aCetate togther with the substrate indicated at 37OC. pig and possibly the late-foetal rabbit, the foetal liver probably uses relatively small amounts of glucose for biosynthesis, and other precursors such as fatty acids, lactate and amino acids are used.
Glvcogenol-vsis and gluconeogenesis
In the foetal rat, liver glycogen deposition occurs in association with an increase in the activity of glycogen synthetase and is reinforced by a relatively low rate of glycogen turnover (Schwartz & Rall, 1973; Devos & Hers, 1974; Rashan et aL, 1979) . Although in the foetal guinea pig there are similar changes in enzyme activity around the time of glycogen deposition (Jones et al.. 1981) , there is also a significant rate of glycogen turnover. In addition, in the foetal rabbit, sheep, guinea pig and monkey, glycogen can be mobilized at high rates from the foetal liver (Jones, 19806; Jones et al., 1981) . In the guinea pig, inhibition of gluconeogenic flux with mercaptopicolinic acid (Jones & Rolph, 1981) inhibits glycogen deposition. Thus, in those species where hepatic glucose uptake is likely to be low in uiuo and where a gluconeogenic pathway is present, the gluconeogenic pathway may make a significant quantitative contribution to glycogen deposition ( Table 2 ). The glycogen deposition often starts at the time that fatty acid synthesis is declining and may involve the diversion of the gluconeogenic flux of substrate away from the pentose phosphate pathway (Jones & Ashton, 1976; Faulkner &Jones, 19766) .
Glucose synthesis by the foetal liver occurs to a limited extent only until the phase of glycogen deposition (Band & Jones, 1980; Jones et a/., 1981) , despite the presence of the gluconeogenic enzymes. This appears to result from a low glucose 6-phosphate translocase activity (Jones & Rolph, I98 I) , as indicated by the high latency of glucose 6-phosphatase (Arion et al.. 1980) until the time of glycogen deposition. In the rat, consistent with the largely postnatal appearance of the gluconeogenic enzymes (Greengard. 1971), the phosphatase is highly latent after birth (Goldsmith & Stelten. 1979) . Thus in the foetal liver the gluconeogenic pathway is largely for the biosynthesis of glycogen and fatty acids, and is so constrained by a low functional activity of glucose 6-phosphatase. At the prevailing insulin/glucagon ratio in uiuo there is likely to be little net glucose synthesis by the foetal liver, except possibly during starvation (Prior, 1980) . when an increase in glucagon and adrenaline will cause the liver to synthesize glucose (Jones et al., I98 1). partly through an activation of glucose 6-phosphatase and glucose 6-phosphate translocase activity (Band & Jones, 1980; Jones & Rolph, 1981) . Inactivation of the gluconeogenic pathway of the foetal liver through hypoxia, as suggested by Ballard & Philippidis (1972) for the rat, seems unlikely in the guinea pig, rabbit and rhesus monkey, as cytosolic NAD+/ NADH changes little, although there is a large fall in cytosolic NADP+/NADPH (Faulkner & Jones, 19766 ; Jones et a/..
I98 I).
In summary, in many species, except the rat and the rabbit, for part of gestation the foetal liver probably uses little glucose, and this is possible through the use of the gluconeogenic pathway to synthesize hexose phosphate from fatty acids and lactate.
